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Ex
lusive J= and � hadroprodu
tionand the QCD odderonA. Bzdaka, L. Motykaa;b, L. Szymanowski
;d;e and J.-R. Cudell
a M. Smolu
howski Institute of Physi
s, Jagellonian University, Krak�ow, Polandb II Institute of Theoreti
al Physi
s, Hamburg University, Hamburg, Germany
 Universit�e de Li�ege, B4000 Li�ege, Belgiumd CPHT, �E
ole Polyte
hnique, CNRS, 91128 Palaiseau, Fran
ee Soltan Institute for Nu
lear Studies, Warsaw, PolandAbstra
tWe study pp and p�p 
ollisions whi
h lead to the ex
lusive produ
tion of J= or � from the pomeron{odderon and the pomeron{photon fusion. We 
al
ulates
attering amplitudes of these pro
esses in the lowest order approximation andin the framework of k?{fa
torization. We present estimates of 
ross se
tions forthe kinemati
 
onditions of the Tevatron and of the LHC.1 Introdu
tionIt follows from the opti
al theorem that total 
ross se
tions of hadroni
 pro
esses aredriven by 
olour singlet ex
hanges in the t{
hannel. Thus, pomeron ex
hange, 
hara
ter-ized by an even 
harge parity, gives the dominant 
ontribution to the sum of the dire
t andthe 
rossed amplitudes for a given hadroni
 pro
ess. The ex
hange with the odd 
hargeparity, i.e. that of the odderon, dominates the di�eren
e between these two amplitudes.The 
on
ept of the odderon in the des
ription of hadroni
 pro
esses was introdu
ed along time ago [1℄. Although it is a partner of the pomeron, whi
h is well known from thestudy of di�ra
tive pro
esses, the odderon still remains a mystery. As it di�ers from the1
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pomeron only by its 
harge parity, one would expe
t, from the point of view of generalprin
iples based on the analyti
ity and the unitarity of the S{matrix, that its ex
hangeshould lead to e�e
ts of a 
omparable magnitude to those 
oming from pomeron ex
hange.However, the odderon still es
apes experimental veri�
ation.In perturbative QCD, the pomeron is modeled by two intera
ting gluons in a 
olour-singlet state, whereas the odderon is des
ribed by an analogous system formed by threegluons. It is thus quite natural to expe
t that in hard pro
esses the e�e
ts of odderonex
hange | being suppressed by an additional power of the strong 
oupling 
onstant�s | are smaller than similar 
ontributions due to pomeron ex
hange. This was 
on-�rmed by QCD studies of the di�ra
tive ex
lusive �
 produ
tion mediated by odderonex
hange [2{5℄, whi
h led to rather small 
ross se
tions. It was surprising, however, thata non-perturbative des
ription within the sto
hasti
 va
uum model of the similar ex
lu-sive pro
ess of the �0 produ
tion [6℄ gave a predi
tion whi
h was disproved by experiment[7℄. It was then argued that the suppression of the �0 photoprodu
tion may emerge as aresult of the 
hiral symmetry 
onstraints on the photon{�0 
oupling [8℄ or of the odderonabsorption by its 
oupling to the pomeron [9℄.A natural diÆ
ulty in dete
ting odderon e�e
ts in in
lusive measurements is the fa
tthat, in general, the odderon ex
hange yields only a small 
orre
tion to the dominatingpomeron 
ontribution to the s
attering amplitude. On the other hand, this diÆ
ulty 
anbe over
ome in some 
ases by studying the 
harge asymmetries 
aused by simultaneouspomeron and odderon ex
hanges [10℄. This measurement looks rather promising but itwas not performed yet, and to this day the best, but still weak, experimental eviden
e forthe odderon was found as a di�eren
e between the di�erential elasti
 
ross se
tions for ppand p�p s
attering in the di�ra
tive dip region at ps = 53 GeV at the CERN ISR [11℄.For a detailed review of the phenomenologi
al and theoreti
al status of the odderon werefer the reader to Ref. [12℄.In the present paper, we study the ex
lusive produ
tion of an heavy ve
tor meson,V = J= ; �, in pp and p�p 
ollisions: pp (�p) ! p0 V p00 (�p00 ); for a re
ent review of mesonhadroprodu
tion see e.g. [13℄. We 
onsider the produ
tion of the meson in the 
entralrapidity region, separated (in rapidity) from the two outgoing hadrons p0 and p 00 (�p 00) bytwo rapidity gaps. The ve
tor meson results thus from pomeron{odderon fusion. Themass of the heavy ve
tor meson supplies the hard s
ale in the pro
ess of fusion, whi
hmay justify a des
ription of the pomeron and the odderon within perturbative QCD. Theabove 
ontribution 
ompetes naturally with the produ
tion of the meson in pomeron{photon fusion, whi
h is, however, under mu
h better theoreti
al 
ontrol.Di�ra
tive produ
tion of the J= meson in proton-(anti)proton 
ollisions via pomeron{odderon fusion was investigated already in Ref. [14℄ in the framework of Regge theory.The potential 
ontribution of the ! reggeon to this pro
ess is expe
ted to be stronglysuppressed due to the Zweig rule. The estimate of the total J= produ
tion 
ross se
tion2
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Figure 1: Kinemati
s of the ex
lusive meson produ
tion in pp (p�p) s
attering.to be of the order of 75 nb is quite en
ouraging1 .In this paper we estimate using perturbative QCD the pomeron{odderon and pomeron{photon 
ontributions to the ex
lusive J= and � hadroprodu
tion, assuming the Tevatronand the LHC 
onditions. We �nd that the ex
lusive heavy ve
tor meson produ
tion in ppand p�p 
ollisions may serve as a useful tool in odderon sear
hes. The resulting 
ross se
-tions for pomeron{odderon fusion are large enough to yield large produ
tion rates alreadyat the Tevatron for the J= and for the � at the LHC. The \ba
kground" photon-drivensub-pro
ess is estimated to have a similar 
ross se
tion to the pomeron{odderon 
ontri-bution, and in order to 
learly isolate the odderon one should perform a 
areful analysisof the transverse momentum distributions of the outgoing parti
les.The stru
ture of the paper is the following. Se
tion 2 
ontains a summary of thekinemati
s. In Se
tion 3 we derive the s
attering amplitudes for the two me
hanismsof meson hadroprodu
tion. Sin
e the 
al
ulational te
hnique whi
h we use is ratherwell-known, we present mostly �nal results, whereas te
hni
al details are given in theAppendix. Se
tion 4 presents our predi
tions as well as their dis
ussion.2 Kinemati
sWe study the pro
esses of hadroprodu
tion shown in Fig. 1,h(pA) + h(pB) ! h(pA0) + V (p) + h(pB0); (1)where h and V denote an (anti)proton and a J= (or �) meson, respe
tively. In thehigh-energy limit we negle
t the mass of the (anti)proton h and we identify the momentapA and pB with two light-like Sudakov ve
tors, p2A = p2B = 0, so that the s
attering energysquared equals s = (pA + pB)2 = 2pA � pB.The momenta of the outgoing parti
les are parametrized as1This result does not take the pomeron{photon fusion 
ontribution into a

ount.3
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Figure 2: The lowest order diagrams de�ning the pomeron{odderon fusion amplitudes forve
tor meson produ
tion a) MP O and b) MOP .pA0 = (1� xA)pA + lll2s(1� xA)pB � l? with lll2 = �l? � l? ; (2)pB0 = kkk2s(1� xB)pA + (1� xB)pB � k?and p = �ppA + �ppB + p?�p = xA � kkk2s(1� xB) � xA ; �p = xB � lll2s(1� xA) � xB ; p? = l? + k? ; (3)whi
h lead to the mass-shell 
ondition for the ve
tor meson, V = J= ;�,m2V = sxAxB � (lll + kkk)2 : (4)3 The impa
t-fa
tor representation of s
attering am-plitudesIt is well known that at high energies and for small momentum transfers a natural frame-work to 
al
ulate the s
attering amplitude of the pro
ess (1) is the k?{fa
torizationmethod, see e.g. [15℄, [2{4℄ and referen
es therein. A

ording to this approa
h, theamplitude is represented as 
onvolutions, over two-dimensional transverse momenta oft{
hannel partoni
 reggeons, of the impa
t fa
tors des
ribing s
attered nu
leons and ofthe e�e
tive produ
tion vertex of the ve
tor meson. The leading power of s 
ontributingto the s
attering amplitude 
omes from t{
hannel ex
hanges of gluoni
 reggeons.In the lowest-order approximation, the 
ontributions to the produ
tion of J= frompomeron{odderon fusion are shown in Figs. 2a, b. The pomeron and the odderon are4



des
ribed in this approximation as non-intera
ting longitudinally polarized ex
hanges oftwo and three gluons, respe
tively. The two gluons from the odderon whi
h 
ouple to thee�e
tive produ
tion vertex of the J= will involve the symmetri
 
onstants dab
 of the
olour algebra. The 
ompeting produ
tion pro
ess of J= from pomeron{photon fusionis illustrated in Figs. 3a, b.Let us �rst 
onsider proton{proton s
attering. The impa
t fa
tor representation ofthe diagrams shown in Fig. 2a reads (see Appendix A1 for details)MP O = (5)�is 2 � 32! 3! 4(2�)8 Z d2lll1lll21 d2lll2lll22 Æ2(lll1 + lll2 � lll) d2kkk1kkk21 d2kkk2kkk22 d2kkk3kkk23 Æ2(kkk1 + kkk2 + kkk3 � kkk)�Æ2(kkk3 + lll1)kkk23 Æ�1�3 � ��1�2P (lll1; lll2) � ��1�2�3P (kkk1; kkk2; kkk3) � ��2�1�2J= (lll2; kkk1; kkk2) :Here ��1�2P (lll1; lll2) denotes the impa
t fa
tor of the proton, s
attered via pomeron ex
hange.The gluons forming the pomeron with the momenta lll1, lll2 
arry the 
olour indi
es �1,�2, respe
tively. The 
orresponding impa
t fa
tor of the proton, s
attered via odderonex
hange, is denoted as ��1�2�3P (kkk1; kkk2; kkk3). Again, �1, �2, �3 are the 
olour indi
es ofgluons with the momenta kkk1, kkk2, kkk3. The e�e
tive produ
tion vertex of the J= mesonis denoted ��2�1�2J= (lll2; kkk1; kkk2). It results from the fusion of a gluon with the momentumand the 
olour index (lll2; �2) from the pomeron with two gluons (kkk1; �1) and (kkk2; �2)of the odderon. In order to keep the notation of momenta llli and kkkj most symmetri
,we introdu
ed an additional, arti�
ial vertex (denoted by the 
ross in Fig. 2) Æ2(kkk3 +lll1)kkk23 Æ�1�3 
onne
ting the spe
tator gluons (lll1; �1) and (kkk3; �3). The ratio 2�32! 3! = 12is a 
ombinatorial fa
tor. The fa
tors 12! and 13! 
orre
t the over-
ounting of diagramsintrodu
ed by fa
torization in the s
attering amplitudes of the impa
t fa
tor with pomeronand odderon ex
hanges, respe
tively. The fa
tor 2 � 3 = 6 a

ounts for all possibilities tobuild the spe
tator gluon from the momenta llli and kkkj.The proton impa
t fa
tors ��1�2P (lll1; lll2) and ��1�2�3P (kkk1; kkk2; kkk3) are \soft", non-pertur-bative obje
ts, therefore to determine their form we need some non-perturbative model ofnu
leon stru
ture. In our estimates we use the phenomenologi
al eikonal model of impa
tfa
tors proposed by Fukugita and Kwie
i�nski [16℄ (the FK model). The impa
t fa
tors 
anbe determined in two steps. Firstly, the impa
t fa
tors of a single quark are 
al
ulated inthe way des
ribed in Refs. [2{4, 15℄. Although these 
al
ulations are now quite standard,nevertheless in order to make our paper self-
ontained and to �x the normalization of theimpa
t fa
tors and of the produ
tion verti
es, we present some te
hni
al details in theAppendix. The quark impa
t fa
tor 
orresponding to the pomeron ex
hange as in Fig. 2areads (see Appendix A2 for details)��1�2q (lll1; lll2) = ��g2 � 2� � Æ�1�22N
 = ���s � 8�2 � Æ�1�22N
 ; (6)
5
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Figure 3: The lowest order diagrams de�ning the pomeron{photon fusion amplitudes ofthe ve
tor meson produ
tion a) M
 P and b) MP 
.whereas the 
orresponding expression with the odderon ex
hange has the form��1�2�3q (kkk1; kkk2; kkk3) = i �g3 (2�)2 d�3�2�14N
 = i �� 32s 25 � 72 d�3�2�14N
 ; (7)with ��s | the e�e
tive 
oupling 
onstant in the soft region, ��s = �g2=(4�) and d�3�2�1the symmetri
 stru
ture 
onstants of the 
olour SU(3) group. The value of the e�e
tive
oupling 
onstant ��s in Eqs. (6,7) is one of the main sour
es of theoreti
al un
ertaintiesin our estimates and we shall return to this problem in the �nal dis
ussion.Se
ondly, the internal stru
ture of the nu
leon is taken into a

ount by\dressing" thequark impa
t fa
tors with phenomenologi
al form fa
tors. These form fa
tors should be
hosen in a way 
onsistent with the gauge invarian
e of QCD, i.e. they should vanishwhen either of momenta llli or kkkj vanishes. In the 
ase of pomeron ex
hange, the protonimpa
t fa
tor is modeled as��1�2P (lll1; lll2) = 3 FP (lll1; lll2) ��1�2q (lll1; lll2) ; (8)with FP (lll1; lll2) = F (lll1 + lll2; 0; 0)� F (lll1; lll2; 0) ; (9)where the fun
tion F (kkk1; kkk2; kkk3) is taken in the formF (kkk1; kkk2; kkk3) = A2A2 + 12 ((kkk1 � kkk2)2 + (kkk2 � kkk3)2 + (kkk3 � kkk1)2) ; (10)with A being a phenomenologi
al 
onstant 
hosen to be half of the � meson mass, A =m�=2 � 384 MeV. The stru
ture of expression (9) is quite natural: the �rst term on ther.h.s. of (9) 
orresponds to the 
ontribution in whi
h two gluons 
ouple to the same quarkline, the se
ond term represents two gluons 
oupling to two di�erent quarks, whereas thefa
tor 3 in (8) 
ounts the number of valen
e quarks inside the proton.6



The 
orresponding expression for the proton impa
t fa
tor with the odderon ex
hangeis 
onstru
ted in a similar way, as��1�2�3P (kkk1; kkk2; kkk3) = 3 FO(kkk1; kkk2; kkk3) ��1�2�3q (kkk1; kkk2; kkk3) ; (11)where the form-fa
tor FO has the formFO(kkk1; kkk2; kkk3) = F (kkk = kkk1 + kkk2 + kkk3; 0; 0)� 3Xi=1 F (kkki; kkk � kkki; 0) + 2 F (kkk1; kkk2; kkk3) ; (12)where the fun
tion F is de�ned by Eq. (10). Again, the �rst term on the r.h.s. of Eq. (12)
orresponds to a 
ontribution when all three gluons 
ouple to a single valen
e quark, thethree terms F (kkki; kkk � kkki; 0) des
ribe the 
ases when a gluon with momentum kkki and twogluons with total momentum kkk � kkki 
ouple to two di�erent quarks and the last termdes
ribes a 
oupling of the three gluons to the three di�erent valen
e quarks of a nu
leon.Let us also note that anti-proton impa
t fa
tors, i.e. ��1�2�P for pomeron ex
hange and��1�2�3�P for odderon ex
hange, are easily obtained from the proton ones: they are given bythe same expressions, the only modi�
ation is the additional minus sign for the impa
tfa
tor of odderon ex
hange, related to its opposite 
harge parity��1�2�P = ��1�2P ; ��1�2�3�P = ���1�2�3P : (13)The derivation of the e�e
tive produ
tion vertex of a 
harmonium ��2�1�2J= (lll2; kkk1; kkk2)as a part of the impa
t fa
tor representation (5) is one of the main results of the presentstudy. For that we assume that the mass mJ= of 
harmonium supplies a suÆ
ientlyhard s
ale so we 
an rely on perturbation theory. The 
harmonium is treated in thenon-relativisti
 approximation, where the �

! J= produ
tion vertex has the formh�
 
jJ= i = gJ= 2 "̂ �(p) �p � 
 +mJ= � ; mJ= = 2m
 ; (14)where we assume that the �
 
 pair is in the 
olour singlet state, "� is the polarizationve
tor of the 
harmonium. The 
oupling 
onstant gJ= in (14) is expressed in terms ofthe ele
troni
 width �J= e+e� of the J= ! e+e� de
aygJ= = s3mJ= �J= e+e�16��2emQ2
 ; Q
 = 23 : (15)The e�e
tive produ
tion vertex ��2�1�2J= as drawn in Fig. 2a 
an be viewed as being 
loselyrelated to the usual impa
t fa
tor des
ribing the transition of a virtual photon 
� into J= via pomeron ex
hange. Indeed, it is a 
rossed version of the latter, with the s{
hannel 
�repla
ed by the t{
hannel gluon of virtuality �lll22 and with two gluons kkk2 and kkk3 in thesymmetri
 8S 
olour representation, instead of the (also symmetri
) 
olour-singlet one.7



Consequently, the 
al
ulation of the ��2�1�2J= vertex 
an pro
eed in a way analogous tothat of the impa
t fa
tor of the transition 
� ! J= [15℄. We thus obtain as a result(te
hni
al details of derivation are presented in Appendix A3)��2�1�2J= (lll2; kkk1; kkk2) = g3 d�1�2�2N
 VJ= (lll2; kkk1; kkk2) = � 32s 8� 32 d�1�2�2N
 VJ= (lll2; kkk1; kkk2);VJ= (lll2; kkk1; kkk2) = (16)4�m
gJ= 24� xB"� � pB + "� � l2?lll22 + (kkk1 + kkk2)2 + 4m2
 + "� � l2? + "� � pB �xB � 4kkk1�kkk2sxA �lll22 + (kkk1 � kkk2)2 + 4m2
 35 :Let us note that, with the mass-shell 
ondition (4) taken into a

ount, the expression (16)vanishes when either of the momenta lll2, kkk2 or kkk3 vanishes. This property is a 
onsequen
eof the QCD gauge invarian
e, that guarantees the infra-red 
onvergen
e of the integralsin the impa
t-fa
tor representation (5).The impa
t-fa
tor representation of the diagrams shown in Fig. 2b, MOP , is obtainedfrom the previous formulae by the following repla
ement of the momenta and of the 
olourindi
es MOP = MP Oj (llli;�i)!(kkki;�i); (kkkj ;�j)!(lllj ;�j); xA$xB : (17)Passing to a des
ription of J= produ
tion in pomeron{photon fusion, the impa
t-fa
tor representation of the diagrams shown in Fig. 3a reads (see Appendix A1)M
 P = (18)� 12! � s � 4(2�)4 lll2 �
P (lll) Z d2kkk1kkk21 d2kkk2kkk22 Æ2(kkk1 + kkk2 � kkk) ��1�2P (kkk1; kkk2) ~��1�2J= (lll; kkk1; kkk2) :Here again, the fa
tor 12! a

ounts for the over-
ounting of diagrams introdu
ed by thefa
torization of the s
attering amplitude involving the proton impa
t fa
tor with thepomeron ex
hange, Eq. (8).The photon 
oupling to the proton involves a phenomenologi
al form fa
tor, whi
h wetake as �
P (lll) = �ie � F (lll; 0; 0) : (19)It has a proper normalization, with the �ie 
oupling, when lll ! 0. When the proton isrepla
ed by an anti-proton, it 
hanges sign�
�P (lll) = ��
P (lll) ; (20)similarly to the 
ase of the odderon ex
hange, Eq. (13).The e�e
tive produ
tion vertex of 
harmonium in pomeron{photon fusion is, moduloa di�erent 
olour fa
tor and 
oupling 
onstants, identi
al to the one in pomeron{odderonfusion (16), see Appendix A3 for details. We obtain~��1�2J= (lll; kkk1; kkk2) = g2 eQ
 2Æ�1�2N
 VJ= (lll; kkk1; kkk2) = �s eQ
 8� Æ�1�2N
 VJ= (lll; kkk1; kkk2) ; (21)8



with VJ= (lll; kkk1; kkk2) given by Eq. (16).Also, let us note that the impa
t-fa
tor representation of the s
attering amplitude
orresponding to the diagrams shown in Fig. 3b, MP 
, is obtained from (18) by thefollowing substitution of momenta and 
olour indi
esMP 
 = M
 P j (kkki;�i)!(lllj ;�j); xA$xB ; (22)analogously to the substitution (17) in the 
ase of pomeron{odderon fusion.The 
omparison of the impa
t-fa
tor representations (5) and (18) for the two me
h-anisms of hadroprodu
tion, together with the formulas for the impa
t fa
tors and thee�e
tive verti
es, leads to the 
on
lusion that, due to di�erent numbers of fa
tors i inboth amplitudes, they di�er by a relative 
omplex phase fa
tor ei�=2. It means that theodderon and the photon 
ontributions to the 
ross se
tion do not interfere.Finally, let us mention that, by repla
ing mJ= , gJ= and Q
 
hara
terizing the 
har-monium J= by m�, g� and Qb = 1=3, the formulae of this se
tion des
ribe the ex
lusivehadroprodu
tion of the bottomium �.4 Estimates for the 
ross se
tion and dis
ussionAn evaluation of the odderon 
ontribution to the ex
lusive produ
tion 
ross se
tions ofthe heavy ve
tor mesons in pp and p�p 
ollisions was performed numeri
ally. The startingpoint of this evaluation is the amplitude for pomeron{odderon fusionMtotPO = MPO +MOP ; (23)
al
ulated separately for ea
h of the independent polarisation ve
tors " of the outgoingve
tor meson. We fo
used on an unpolarised 
ross se
tion, so that the 
ross se
tions weresummed over all the polarisations. We 
onsider therefore,d�dy = X" Z tmaxtAmin dtA Z tmaxtBmin dtB Z 2�0 d� d�(")dy dtA dtB d� ; (24)where d�(")dy dtA dtB d� = 1512�4s2 jMtotPOj2; (25)is a di�erential 
ross se
tion for the meson polarisation ", tA = lll2, tB = kkk2, � is theazimuthal angle between kkk and lll and y ' 12 log(xA=xB) is the rapidity of the mesonin the 
olliding hadrons 
.m. frame. The lower limits tAmin and tBmin are set to zero forpomeron{odderon fusion. The pomeron{photon fusion 
ross se
tion, d�
=dy, may beobtained from Eqs. (23,24,25) by the repla
ements MP O ! MP 
, MOP ! M
 P et
.The resulting d�
dydtAdtB , however, exhibits the usual singular behaviour � 1=ti; i = A;Bat ti ! 0, due to the photon propagator. A standard kinemati
 analysis, used e.g. in the9



Weizs�a
ker{Williams approximation, provides a lower kinemati
 
ut-o� on the photonvirtuality, giving tAmin ' m2px2A and tBmin ' m2px2B, with mp denoting the proton mass (see,e.g. [17℄). The upper limit tmax 
ould be, in prin
iple, arbitrarily large, but the model ofthe proton impa
t fa
tor is unreliable at larger t, thus we set tmax = 1:44 GeV2.In the model applied no QCD evolution has been taken into a

ount so far and theresulting unpolarised pomeron{odderon di�erential 
ross se
tion (25) does not dependexpli
itly on the total 
ollision energy and on the rapidity of the produ
ed ve
tor meson.In order to get reliable predi
tions for the 
ross se
tions this should be 
orre
ted. In whatfollows, we shall take into a

ount the e�e
ts of BFKL evolution [18℄ and the e�e
ts ofsoft-res
attering whi
h tend to destroy the rapidity gap.We shall in
lude the e�e
ts of the BFKL evolution of the pomeron using a phenomeno-logi
al enhan
ement fa
tor E(s;mV ), with V = J= ;�. Note also that the model param-eter ��s enters the pomeron{odderon fusion 
ross se
tion in the �fth power, whi
h may leadto signi�
ant un
ertainty of the results. Thus, for 
larity of the dis
ussion, the parameter��s will be expli
itly isolated in the presentation of the numeri
al results. In addition, theobtained formulae should be 
orre
ted for multiple soft re-s
atterings of proton whi
h 
andestroy the rapidity gap [19℄. Those e�e
ts will be expressed as a gap survival fa
tor S2gap.Thus, a more realisti
 
ross se
tion, that takes into a

ount ne
essary phenomenologi
alimprovements may be written asd�
orrdy ����y=0 = ��5s S2gapE(s;mV ) d�dy ; (26)where d�=dy is the 
ross se
tion given by (24) at ��s = 1.The 
al
ulation is valid only in the high energy limit, whi
h impli
itly 
onstrains theallowed energy and rapidity range, say for xA < x0 and xB < x0, and we set x0 = 0:1.In numeri
al evaluations we fo
us on the 
entral J= and � produ
tion, y ' 0, wherexA ' xB ' mV =ps. We approximate the e�e
ts of QCD evolution of the pomeronamplitude by an exponential enhan
ement fa
tor exp(��y) where �y ' log(x0=xA) isthe rapidity evolution length of the QCD pomeron. Thus, for the 
entral produ
tion oneobtains E(s;mV ) = (x0ps=mV )2�: (27)The e�e
tive pomeron inter
ept � depends on the hard s
ale involved in the pro
ess (see,e.g. [20℄). Following HERA results on the the pomeron inter
ept in ex
lusive ve
tor mesonprodu
tion we take � = 0:2 (� = 0:35) for the J= (�) produ
tion [21, 22℄. Thus, E(s;mV )gives a substantial enhan
ement by a fa
tor of about 5 and 12 (about 9 and 33) for theJ= (�) produ
tion at the Tevatron and the LHC 
orrespondingly. For the odderon, therapidity evolution given by the Bartels{Kwie
i�nski{Prasza lowi
z equation [23℄ leads to a
at dependen
e on the gap size2, so we negle
t the rapidity dependen
e of the odderon.2This is true for the Bartels{Lipatov{Va

a solution [24℄ at large rapidities and approximately truefor the Janik{Wosiek solution [25℄. 10



Note, that we shall not 
hange the meson produ
tion vertex in the pomeron{odderonfusion by in
luding into it an (unknown yet) analogue of the Sudakov suppression fa
tor forthe 
ase of three outgoing gluons. An in
lusion of the Sudakov-like form-fa
tor would bea desirable improvement but the 
onsistent way of taking its e�e
ts into a

ount requiressimultaneously a more detailed analysis of the e�e
ts of QCD evolution of proton impa
tfa
tors whi
h is beyond the s
ope of this paper.The strong 
oupling 
onstant in the meson impa
t fa
tor was set to �s(m
) = 0:38(�s(mb) = 0:21), in a

ordan
e with the QCD running. Re
all that we assume thatm
 = mJ= =2 and analogously in the 
ase of �, mb = m�=2. The available estimatesof the e�e
tive strong 
oupling 
onstant, ��s, of the Fukugita{Kwie
i�nski model, yieldresults with rather large spread. The 
onstraints from the data on the total pp and p�p
ross se
tions gave ��s = 0:7 � 0:9 [16℄ and a re
ent thorough analysis of the odderonex
hange 
ontribution to the elasti
 pp and p�p s
attering [26℄ bounds the 
oupling tobe mu
h smaller, ��s ' 0:3. Thus, we performed an independent test of the model basedon the ve
tor meson photoprodu
tion data. Using the FK model we found the followingamplitude of J= photoprodu
tion o� proton in the forward dire
tion:M
 = is �eQ
 ��s�s(m
) gJ= N2
 � 1N2
 3 log(3m2
=A2)m
(m2
 � A2=3) ; (28)and the t{dependen
e (determined numeri
ally) was found to agree reasonably well withthe experimentally measured exp(�Bt), for moderate t, with B ' 4:5 GeV�2. Thus, we
ompared the model estimate of the J= ex
lusive photoprodu
tion 
ross-se
tion to thedata at W ' 10 GeV, (equivalent to pomeron x ' x0) and we obtained ��s ' 0:6� 0:7.The estimate of un
ertainties introdu
ed by ��s and S2gap should be 
arried out together.The reason for that is that the low value of ��s ' 0:3 was obtained from an estimate ofthe odderon ex
hange in whi
h the soft gap survival fa
tor was negle
ted, thus when itwas set S2gap = 1. Therefore, for 
onsisten
y, we shall also use S2gap = 1 in our 
al
ulationif the low value of ��s = 0:3 is taken. This 
ombination S2gap = 1 and ��s = 0:3 gives low
ross-se
tions and it will be 
alled the pessimisti
 s
enario.In the optimisti
 s
enario we shall use a large value of the 
oupling, ��s = 1, 
ombinedwith the gap survival fa
tors obtained in the Durham two-
hannel eikonal model: S2gap =0:05 for the ex
lusive produ
tion at the Tevatron and S2gap = 0:03 for the LHC [19, 27℄,see also [28℄. We believe that the best estimates should follow from the 
entral s
enariode�ned by ��s = 0:75, S2gap = 0:05 (S2gap = 0:03) at the Tevatron (LHC).We analyze the pomeron{photon 
ontribution in a way analogous to the pomeron{odderon 
ontribution. In the 
ase of photon ex
hange, the pp (p�p) s
atter typi
ally atlarge impa
t parameters and we assume that the gap survival S2gap ' 1 in this 
ase.33Amore detailed analysis of the gap survival for the photon ex
hange was performed in Ref. [29℄. In thesame referen
e a 
rude estimate of the pomeron{odderon fusion was obtained, based on the assumptionthat the whole odderon is 
oupled to the single quark (anti-quark) line.11



d�=dy J= �odderon photon odderon photonp�p 20 nb 1.6 nb 36 pb 1.1 pbpp 11 nb 2.3 nb 21 pb 1.7 pbTable 1: Na��ve 
ross se
tions d�=dy given by (24) for the ex
lusive J= and � produ
tionin pp and p�p 
ollisions by the odderon-pomeron fusion, assuming ��s = 1 and analogous
ross se
tions d�
=dy for the photon 
ontribution. The numbers given are partial resultsonly and they must be improved phenomenologi
ally to provide reliable predi
tions.Thus, we arrive at the analogue of Eq. 26 for the photon:d�
orr
dy ����y=0 = ��2s E(s;mV ) d�
dy : (29)Numeri
al results for d�=dy and d�
=dy are listed in Table 1. The photon 
rossse
tions depend on the total 
ollision energy ps through the kinemati
 dependen
e ofthe lower 
ut-o�s tAmin and tBmin. Thus, the photon 
ross se
tions in Table 1 for the p�pand the pp 
ase were obtained assuming the kinemati
s of the 
entral produ
tion at theTevatron (ps = 2 TeV) and at the LHC (ps = 14 TeV) respe
tively. Note that thereis a signi�
ant di�eren
e between the pp and p�p 
ross se
tions indi
ating a signi�
antinterferen
e between the pomeron{odderon and the odderon{pomeron 
ontributions. Westress that the numbers in Table 1 represent only partial results, and they are displayed toprovide a basis for estimates of realisti
 
ross-se
tions and their un
ertainties, a

ordingto the pres
ription given above.Besides the 
ross se
tions integrated over transverse momenta, we 
al
ulated also thedi�erential distributions of the produ
ed ve
tor mesons, de�ned asd�dydppp2 ����norm = �d�dy��1 �X" Zkkk2<tmax d2k Zlll2<tmax d2l d�(")dy d2k d2l Æ((kkk + lll)2 � ppp2): (30)In Fig. 4a and 4b we show the normalised distributions for the J= (and the �) produ
tionin p�p and pp 
ollisions respe
tively. Clearly, the shapes only weakly depend on the ve
tormeson 
avour.4 The produ
tion of ve
tor mesons in the forward dire
tion (ppp2 = 0) ismaximal for p�p 
ollisions and vanishes for pp 
ollisions. This striking di�eren
e is 
ausedby an already mentioned interferen
e between the pomeron{odderon and the odderon{pomeron 
ontributions.The magnitudes of the phenomenologi
ally improved 
ross se
tions are summarizedin Table 2. They were 
al
ulated using formulae (26) and (29) a

ounting for the QCD4An apparent dis
repan
y in the normalisation of the J= and � distributions visible in Fig. 4bemerges be
ause we show only part of the ppp2{distributions.12
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a) b)Figure 4: d�dydppp2 ���norm for a) p�p! p�pV and b) pp! ppV .evolution of the pomeron and the gap survival fa
tor, and the un
ertainty of ��s wastaken into a

ount, a

ording to the three s
enarios that we 
onsider. Re
all that thephoton and the odderon 
ontributions do not interfere in the lowest order approximationand the 
orresponding 
ross se
tions may be treated independently. As seen from thetable, the pomeron{odderon 
ontributions are found to be un
ertain, with a multipli
ativeun
ertainty fa
tor of 3{5. The ambiguities, however, 
an
el partially in the ratio ofthe pomeron{odderon 
ontribution to the pomeron{photon 
ontribution evaluated in thesame s
enario. Thus, within the 
onsidered s
enarios, the \odderon to photon ratio"R = [d�
orr=dy℄=[d�
orr
 =dy℄ varies between 0.3 and 0.6 for J= produ
tion at the Tevatron,and between about 0.06 and 0.15 at the LHC. In the 
ase of �, R varies between about0.8 and 1.7 at the Tevatron and between about 0.15 and 0.4 at the LHC. These numberssuggest that the odderon 
ontribution may well be of a similar magnitude to the photon
ontribution at the Tevatron and somewhat smaller than the photon 
ontribution at theLHC.Let us note here that the photon-mediated ve
tor meson hadroprodu
tion may be 
al-
ulated in a di�erent manner using the Weizs�a
ker{Williams approximation. The domi-nan
e of very low virtualities in the photon propagator permits to treat one of the pro-tons as a sour
e (with a suitable form fa
tor) of quasi-real photons that 
ollide with theother proton and produ
e the ve
tor mesons [29, 30℄. In this approximation, the quasi-real photon 
ux is 
onvoluted with a 
ross-se
tion of the meson photoprodu
tion o� theproton. The J= photoprodu
tion was measured rather a

urately at HERA [21, 22℄and one may use parametrisations of HERA data to perform ne
essary extrapolations.In this approa
h theoreti
al un
ertainties and model dependen
ies are greatly redu
ed.Thus, 
al
ulations based on the Weizs�a
ker{Williams approximation 
ombined with �tsto the HERA data give d�=dy(p�p ! p�pJ= )jy=0 ' 2 � 2:5 nb [29, 30℄, somewhat lowerthan our 
entral s
enario. For the � produ
tion at the LHC, predi
tions of Ref. [30℄:d�=dy(pp ! pp�)jy=0 ' 100 pb are larger than ours by a fa
tor of more than three.13



d�
orr=dy J= �odderon photon odderon photonTevatron 0.3{1.3{5 nb 0.8{5{9 nb 0.7{4{15 pb 0.8{5{9 pbLHC 0.3{0.9{4 nb 2.4{15{27 nb 1.7{5{21 pb 5{31{55 pbTable 2: Cross se
tions d�
orr=dyjy=0 given by (26) for the ex
lusive J= and � pro-du
tion in pp and p�p 
ollisions by the pomeron{odderon fusion, and analogous 
ross se
-tions d�
orr
 =dyjy=0 for the photon 
ontribution given by (29) for the pessimisti
{
entral{optimisti
 s
enarios.This suggests that the odderon ex
hange predi
tions for the � produ
tion may also beunderestimated in the 
entral s
enario.Our 
al
ulations indi
ate that the odderon-to-photon ratio tends to be of the order ofunity or smaller, whi
h makes it diÆ
ult to get a 
lear signal of the odderon from the in-tegrated 
ross se
tions. The ratio, however, may be enhan
ed if suitable 
uts on outgoingprotons transverse momenta are imposed. Namely, the photon ex
hange is dominated byvery small photon virtualities (as it follows e.g. from the Weizs�a
ker{Williams approxima-tion), and, for instan
e for tA; tB > 0:25 GeV2 the pomeron{odderon fusion 
ontributionde
reases by about one order of magnitude, being still visible, and the pomeron{photonfusion 
ontribution de
reases by more than two orders of magnitude. Then, the odderon
ontribution 
ould well be a few times larger than the photon 
ontribution. Thus, a 
arefulanalysis of the outgoing proton momenta distribution should permit 
lear identi�
ationof the odderon and the photon 
ontributions.As a �nal point, let us indi
ate brie
y the possibility to probe the odderon via the� hadroprodu
tion at the LHC in an asymmetri
 kinemati
 situation, using the forwarddete
tors, as for instan
e the planned forward proton spe
trometer FP420 [31℄. This de-te
tor may be 
apable of measuring the outgoing proton energy and transverse momentumwith a very good a

ura
y, for protons that would lose about 1% of their energy. This
orresponds to xA ' 0:01 (see Se
tion 2). For � produ
tion in the ex
lusive pro
ess itleads to xB = m2�=(sxA) ' 5 � 10�5. The bottomonium emerging at the rapidity y� ' 2:7should be possible to dete
t in the �+�� de
ay 
hannel, and the proton pB would es
apedete
tion. Clearly, due to the small{x evolution of the pomeron, the dominant 
ontribu-tion to the produ
tion amplitude should then 
ome from the pomeron propagating a
rossthe large rapidity gap, related to xB, and the odderon or photon should span the smallerrapidity gap, given by xA. More pre
isely, for xA � xB, the amplitudes MOP and M
 Pshown in Fig. 2b and Fig. 3a respe
tively are enhan
ed by the QCD evolution by a fa
-tor of (xA=xB)� ' 6 with respe
t to the amplitude MP O and MP 
 . Therefore, in thiskinemati
s the proton pA 
ouples predominantly to the odderon and to the photon, andone 
ould use the di�eren
e in lll2{dependen
e of the photon and the odderon ex
hange to
ut on the proton momentum pA0: lll2 > l2min, and �lter out partially the pomeron{photon14




ontribution. An additional advantage of the measurement in this asymmetri
 kinemati
sis that at y� ' 2:7 the pomeron evolution down to xB provides an overall enhan
ementby a fa
tor of a few of the ex
lusive � hadroprodu
tion 
ross se
tion with respe
t to the
entral produ
tion, leading to 
omfortably large 
ross se
tions, well in rea
h of the LHC.A
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hnique and at LPT-Orsay.A AppendixA.1 Derivation of the impa
t-fa
tor representation (5) and (18)The sum of the Feynman diagrams des
ribing the fusion of the pomeron (two gluons withtotal momentum l) with the odderon (three gluons with total momentum k) is written inthe Feynman gauge asMP O = �i 12! 3! Z d4l1 d4l2(2�)4 Æ4(l1 + l2 � l) d4k1 d4k2 d4k3(2�)8 Æ4(k1 + k2 + k3 � k)S�1�2�1�2 (A! A0)(�ig�1�01)l21 + i� (�ig�2�02)l22 + i� S�1�2;�1�2�3�01�02;�01�02�03 (J= ) (A.1)(�ig�1�01)k21 + i� (�ig�2�02)k22 + i� (�ig�3�03)k23 + i� S�1�2�3�1�2�3 (B ! B0) :Here S�1�2�1�2 (A ! A0) is the S{matrix element des
ribing the transition of the hadroni
state A into A0 through the ex
hange of two gluons with momenta li, i = 1; 2. TheS{matrix 
arries Lorentz and 
olour indi
es �i and �i, respe
tively. S�1�2�3�1�2�3 (B ! B0)is the S{matrix element des
ribing the transition of hadroni
 state B into B0 throughthe ex
hange of three gluons with momenta kj, j = 1; 2; 3. It 
arries also Lorentz and
olour indi
es �i and �i, respe
tively. Finally, S�1�2;�1�2�3�01�02;�01�02�03 (J= ) is the S{matrix elementdes
ribing the fusion of the two gluons forming the pomeron with the three gluons formingthe odderon whi
h produ
es the J= . The S{matri
es in Eq. (A.1) are 
onne
ted by thegluoni
 propagators in the Feynman gauge. The fa
torization of the s
attering amplitudeMP O in terms of the S{matri
es of di�erent subpro
esses is possible by introdu
ingan over
ounting of 
ontributing diagrams whi
h gets 
ompensated by the 
ombinatorialfa
tor 1=(2! 3!). 15



The gluoni
 fusion whi
h results in the produ
tion of J= involves only three gluonsin the lowest order of perturbation theory. It means, that in S�1�2;�1�2�3�01�02;�01�02�03 (J= ) one of thetwo gluons li together with one of three gluons kj form the spe
tator gluon, dis
onne
tedfrom the S{matrix des
ribing fusion. Su
h spe
tator gluon 
an be formed in 2 � 3 = 6ways and ea
h of these possibilities 
ontributes equally to the s
attering amplitude MPO.It means that we 
an 
onsider only one su
h 
hoi
e, e.g. with the spe
tator formed bygluons l1 and k3, and multiply the 
orresponding result by 6. The formula for MPO 
anbe thus put in the formMPO = �i 62! 3! Z d4l1 d4l2(2�)4 Æ4(l1 + l2 � l) d4k1 d4k2 d4k3(2�)8 Æ4(k1 + k2 + k3 � k)i(2�)4Æ4(l1 + k3)g�01�03k23Æ�1�3S�1�2�1�2 (A! A0)(�ig�1�01)l21 + i� (�ig�2�02)l22 + i� S�2�1�2�02;�01�02(J= )(�ig�1�01)k21 + i� (�ig�2�02)k22 + i� (�ig�3�03)k23 + i� S�1�2�3�1�2�3 (B ! B0) : (A.2)Here, S�2�1�2�02;�01�02(J= ) is the S{matrix element of the fusion of gluons with the momenta l2,k1 and k2. We write also the arti�
ial vertex i(2�)4Æ4(l1 + k3)g�01�03k23Æ�1�3 to ensure themost symmetri
 notation of the di�erent parts of expression (A.2) in the momenta li, kj.The formula (A.2) 
an be further rewritten by applying standard approximations validin Regge kinemati
s, i.e. 
hara
terising pro
esses o

uring at high-energies, with smallmomentum transfers. The dominant 
ontribution in s to the s
attering amplitude isobtained from the longitudinal polarizations of the t-
hannel gluons. It results from thefollowing substitution of numerators in the gluoni
 propagatorsg�i�0i ! p�iB p�0iApA � pB ; g�j�0j ! p�jA p�0jBpA � pB ; (A.3)and leads to the highest power of large s
alar produ
ts pA � pB = s=2.We paramatrize all momenta using the Sudakov de
ompositionsli = �lipA � �lipB + l?i ; kj = ��kjpA + �kjpB + k?j ; (A.4)so that d4li = pA � pB d�lid�lid2l?i and d4kj = pA � pB d�kjd�kjd2k?j.In the Regge kinemati
s, the values of the longitudinal Sudakov parameters of thegluons in the t{
hannels are strongly ordered. As a result, in the S-matrix S�1�2�1�2 (A! A0),one 
an negle
t the dependen
e on the paramaters �li, as they are mu
h smaller than the� 
omponents of other momenta 
hara
terizing the transition h(pA) ! h(pA0). Similarly,in the S-matrix S�1�2�3�1�2�3 (B ! B0) one 
an negle
t the dependen
e on �kj. On the otherhand, the S{matrix S�2�1�2�02;�01�02(J= ) depends e�e
tively only on �l2 � �p � xA and �k1, �k2,subje
t to the 
ondition �k1 + �k2 � �p � xB.In the high energy limit, the asymptoti
s of the s
attering amplitude MP O is de-termined by small values of the longitudinal Sudakov parameters. Consequently, the16



denominators of the gluon propagators are given by 
ontributions 
oming only from thetransverse 
omponents of the momental2i � l2?i = �lll2i ; k2j � k2?j = �kkk2j : (A.5)All the above remarks permit to represent MP O as a 
onvolution in transverse mo-menta of t{
hannel gluonsMP O = (A.6)�is 62! 3! 4(2�)8 Z d2lll1lll21 d2lll2lll22 Æ2(lll1 + lll2 � lll) d2kkk1kkk21 d2kkk2kkk22 d2kkk3kkk23 Æ2(kkk1 + kkk2 + kkk3 � kkk)Æ2(lll1 + kkk3)kkk23Æ�1�3 Z d�l1S�1�2�1�2 (A! A0)p�1B p�2Bs Z d�k3d�k1S�1�2�3�1�2�3 (B ! B0)p�1A p�2A p�3AsZ d�k1S�2�1�2�02�01�02 (J= )p�02A p�01B p�02Bs ;whi
h 
oin
ides with Eq. (5) if one de�nes the impa
t-fa
tor for pomeron ex
hange as��1�2P (lll1; lll2) = Z d�l1S�1�2�1�2 (A! A0)p�1B p�2Bs ; (A.7)the impa
t-fa
tor for odderon ex
hange as��1�2�3P (kkk1; kkk2; kkk3) = Z d�k3d�k1S�1�2�3�1�2�3 (B ! B0)p�1A p�2A p�3As ; (A.8)and the e�e
tive produ
tion vertex as��2�1�2J= (lll2; kkk1; kkk2) = Z d�k1S�2�1�2�02�01�02 (J= )p�02A p�01B p�02Bs : (A.9)It is obvious that an analogous reasoning 
an be applied to the sum of diagramsdes
ribing fusion of the photon with the pomeron in Fig. 3a. The analog of Eq. (A.6)then reads M
 P = � s2! 4(2�)4 �
P (lll)lll2 Z d2kkk1kkk21 d2kkk2kkk22 Æ2(kkk1 + kkk2 � kkk)Z d�k1S�1�2�1�2 (B ! B0)p�1A p�2As Z d�k1S�1�2�01�02 (J= )p�01B p�02Bs ; (A.10)where we introdu
ed the photon 
oupling to the proton �
P (lll) normalized to the proton
harge, �
P (0) = �i e. Eq. (A.10) 
oin
ides with the impa
t-fa
tor representation Eq. (18)if the pomeron{photon e�e
tive vertex reads~��1�2J= (lll; kkk1; kkk2) = Z d�k1S�1�2�0�01�02(J= )p�0A p�01B p�02Bs (A.11)and if the de�nition of the impa
t-fa
tor for pomeron ex
hange (A.7) is used for thetransition h(pB) ! h(pB0). 17



A.2 Derivation of the quark impa
t-fa
tors (6) and (7)The quark impa
t-fa
tor with ex
hange of the pomeron is de�ned by Eq. (A.7) spe
i�edfor a quark target. The S{matrix 
orresponding to this transition is des
ribed by twodiagrams and their 
olour singlet 
ontribution readsZ d�l1S�1�2�1�2 (A! A0)p�1B p�2Bs =�i�g2 Æ�1�22N
 Z d�l1  1�l1 + i� + 1��l1 � lll2s(1�xA) + i�! = �2� �g2 Æ�1�22N
 ; (A.12)whi
h reprodu
es Eq. (6).Similarly, the quark impa
t fa
tor with ex
hange of the odderon is de�ned by Eq. (A.8)spe
i�ed for a quark target. The S{matrix 
orresponding to this transition is des
ribedby six diagrams and their 
olour singlet 
ontribution readsZ d�k3d�k1S�1�2�3�1�2�3 (B ! B0)p�1A p�2A p�3As =�i�g3d�1�2�34N
 Z d�k3d�k1 � 1(�k1 + i�)(�k1 + �k2 + i�) + 1(�k1 + i�)(�k1 + �k3 + i�)+ 1(�k2 + i�)(�k2 + �k1 + i�) + 1(�k2 + i�)(�k2 + �k3 + i�) (A.13)+ 1(�k3 + i�)(�k3 + �k1 + i�) + 1(�k3 + i�)(�k3 + �k2 + i�)� = i�g3(2�)2 d�1�2�34N
 ;where in the last step we used the fa
t that �k1 + �k2 + �k3 = � kkk2s(1�xB) . Expression(A.13) reprodu
es Eq. (7).A.3 Derivation of the e�e
tive verti
es (16) and (21)The efe
tive vertex (A.9) is given by the 
ontribution of the six diagrams shown in Fig. 5with the momenta l2 � xApA + l?, kj � �kjpB + k?j, j = 1; 2, where �k1 + �k2 � xB .Taking into a

ount the de�nition (14) of the produ
tion vertex, the 
ontribution of the
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Figure 5: The six diagrams de�ning the e�e
tive vertex g + 2g! J= .6 diagrams of Fig. 5 is equal toZ d�k1S�2�1�2�02�01�02 (J= )p�02A p�01B p�02Bs = �ig3 d�2�1�22N
 gJ= s Z d�k1Tr 8<:24 p̂A �12 p̂? � l̂2? +m
� p̂B4m2
 + (ppp� lll2)2 + lll22 0� 1�k1 � xB � 2kkk22�2ppp�kkk2sxA + i� + 1�k2 � xB � 2kkk21�2ppp�kkk1sxA + i�1A+ 2s2x2A p̂B (12 p̂? � k̂1? +m
)p̂A(k̂2? � 12 p̂? +m
) + (12 p̂? � k̂2? +m
)p̂A(k̂1? � 12 p̂? +m
)(�k2 � xB � 2kkk21�2ppp�kkk1sxA + i�)(�k1 � xB � 2kkk22�2ppp�kkk2sxA + i�) p̂B� p̂B �l̂2? � 12 p̂? +m
� p̂A4m2
 + (ppp� lll2)2 + lll22 0� 1�k1 � xB � 2kkk22�2ppp�kkk2sxA + i� + 1�k2 � xB � 2kkk21�2ppp�kkk1sxA + i�1A35"̂��12 p̂+m
�� : (A.14)Cal
ulation of the integral over �k1, subje
t to the 
ondition �k1 + �k2 � xB, leads to theresult Z d�k1S�2�1�2�02�01�02 (J= )p�02A p�01B p�02Bs = g3d�2�1�2N
 VJ= (lll2; kkk1; kkk2) ; (A.15)whi
h 
oin
ides with Eq. (16). Finally, let us note that the only di�eren
e between thepomeron{photon e�e
tive vertex (21) and the pomeron{odderon one (16) is the 
olourfa
tor and the photon 
oupling. This results in the substitution rule gd�2�1�2 ! 2eQ
Æ�1�2 ,from whi
h we re
over Eq. (21).Referen
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